Adsorption is the most extensively used technique for dye sequestration. Magnetic separation of toxic pollutant is becoming a potential method in waste water purification and found to have predominant significance in the removal of dyes more effectively compared to conventional method of treatments. Numerous natural and synthetic adsorbents were used, out of which magnetic composites (MCs) and magnetic nanocomposites (MNCs) have gained much attention presently in the removal of dyes from aqueous solution. Abundant references are existing pertaining to synthesis of various magnetic composites and its application in adsorption of dyes. This report displays the exploitation of MCs and MNCs for adsorption of dyes, hazards posed by dyes, sorption mechanism, preparation methods, magnetic behavior and characteristics of magnetized particles with the relevant literature on the basic principle of adsorption using MCs and MNCs for separation of dyes under optimum physicochemical condition. Adsorption reaction model, diffusion model and isotherms which facilitate in understanding the reaction mechanism between adsorbent and adsorbate are concisely discussed.
Introduction
The land consists of 75% water, but only 3% is fresh water out of it and 1% is available for people to use (Ragunath, 2006) . Water supports life for man, animals and plants. Yet the provision of fresh water available to humanity is shrinking. One of the primary causes of this is the polluting of many freshwater resources. The soils, lakes and rivers has become polluted with an assortment of waste, including untreated or partially treated municipal sewage, toxic industrial effluents, harmful chemicals, and ground waters from agricultural activities. Polluted water not only determines the water availability, but also invests millions at risk of waterrelated diseases (WPNWAC, 2003) . Oil and gasoline from petroleum industry, sewage and solid waste, discharge of nuclear materials, toxic chemicals from industrial plants, fertilizers and pesticides are major sources of water pollution (Dozier, 2005) . Fig. 1 illustrates the sources of water contamination. In certain conditions, water pollution is caused by nature itself, but frequently, human actions are apt for the pollutants that go in the water (Carneiro et al., 2010) . Dye is one of the most important pollutants in the effluents of textile, paper, plastic, food and cosmetic industries (Rafatullah et al., 2010) . Many of the industrial dyes are toxic, carcinogenic, mutagenic and teratogenic (Mekkawy et al., 1998; Oxspring et al., 1996) . It is calculated that, over 100,000 commercially available dyes with more than 7 × 10 5 tonne of dyestuff are produced per year (McMullan et al., 2001; Pearce et al., 2003; Lee et al., 2006) . Therefore, there is a huge quantity of colored waste water is generated from these manufactures. Recently, the removal of dyes from effluent has given much consideration in controlling water pollution. Among a range of techniques available for dye removal from effluent, such as adsorption, flocculation, oxidation and electrolysis (Wawrzkiewicz, 2012; Crini, 2003) , adsorption turns to be uncomplicated, effective and economical technique applied for wastewater treatment (Shuang et al., 2012) . In general, adsorbent used are smaller in size since smaller size adsorbents have increased surface area leading to highest adsorption capacity. But it would be really hard to sort them from water after reaching saturated adsorption. In such conditions, magnetic separation of adsorbents has been one of the promising techniques for wastewater treatment, since no contaminants such as flocculants are produced and large quantity of effluent can be handled within a diminutive period (Rocher, 2008; Luo and Zhang, 2009) . Magnetic separation technique using MCs (magnetic composites) and MNCs (magnetic nanocomposites) has attained wide use in sequestration of dyes due to its stupendous significance in accelerating separation speed and improvising the efficiency of water treatment (Qadri et al., 2009 ).
This review is to provide a summary of information bearing on the use of MCs and MNCs as adsorbents for removal of dyes from aqueous solution. The competence of MCs and MNCs are discussed with their operational parameters. Further, overview of few MCs and MNCs used for adsorption and its performances over removal of dyes are discussed separately. The adsorption kinetic, diffusion and isotherm models which influence the equilibrium time required for solute uptake from liquid phase are also surveyed.
Industrial dye stuffs
Dyes are colored organic compounds that are applied to impart color to various substrates including paper, leather, fur, hair, drugs, cosmetics, waxes, greases, plastics and textile materials (Amith et al., 2007; Samanta and Agarwal, 2009; Monash and Pugazhenthi, 2009) . The main role of dyes is in the cloth industry, despite substantial quantities are consumed for coloring, such diverse materials as leather, paper, plastics, crude oil products and intellectual nourishment. Generally, the dyes used in the textile industry are basic dyes, acid dyes, reactive dyes, direct dyes, azo dyes, mordant dyes, vat dyes, disperse dyes and sulfur dyes (Demirbas, 2009) , where azo derivatives are the major class of dyes, used in the industries (Forgacs et al., 2004) . Dyes can be classified into cationic, anionic and nonionic dyes. Cationic dyes are basic dyes while the anionic dyes include direct, acid and reactive dyes (Mishra and Tripathy, 1993) . General classification of colorants is shown in Fig. 2 .
Hazards of dyes
The dye materials are not only possesses harmful effects, but also aesthetically unpleasant in water. The dyes used in the textile industries include several structure varieties such as acidic, reactive, basic, disperse, azo, diazo, anthraquinone based and metal complex dyes (Banat et al., 1996) . It puts up have more or less harmful effects. Intense exposure to dyes leads to have increased heart rate, vomiting, shock, Heinz body formation, cyanosis, jaundice, quadriplegia, and tissue necrosis in humans (Vadivelan and Kumar, 2005) . Dyes like Metanil Yellow also have a tumor-producing effect (Ramachandani et al., 1997) and can produce enzyme disorders in the human body . However, it is not mutagenic but can alter the gene expression (Gupta et al., 2003) . On oral consumption, it causes toxic methaemoglobinaemia (Sachdeva et al., 1992) and cyanosis (Chandro and Nagaraja, 1987) in humans, while skin contact results in allergic dermatitis (Hausen, 1994) . The oral feeding or intraperitoneal and intratesticular administration of dyes in animal produces testicular lesions due to which seminiferous tubules suffer damage and rate of spermatogenesis is decreased (Tiwari, 2012) .
Sorption and its mechanism
Sorption is one of the processes, being widely used for dye removal and has wide applicability in wastewater treatment. The term sorption refers to a process wherein a material is centered at a solid surface from its liquid or gaseous environment. In universal, two classes of sorption processes are available, if the draw between the firm surface and the adsorbed molecules is physical in nature, the adsorption is referred to as physical adsorption (physisorption) and if the attraction forces are due to chemical bonding, the adsorption process is called desorption. Frequently, in physical adsorption, the attractive forces between adsorbed molecules and the solid surface are Van der-Waals forces of attraction and reversible adsorption occurs when they are weak in nature and in case of chemisorptions, the higher intensity of the bonding results in difficulty to remove chemisorbed adsorbate from the solid surface (Gupta and Suhas, 2009; Yadla et al., 2012) . The essential characteristic of an adsorbent is that, the quantity of adsorbate accumulated on adsorbent which is generally estimated from the adsorption isotherms. The adsorbent should possess few basic qualities such as porous in structure (resulting in high surface area), smaller in size and time taken for adsorption equilibrium should be as depressed as possible with the purpose that it can be used to remove dye wastes in a short period (Gupta and Suhas, 2009; Nguyen and Juang, 2013) . Tailoring of naturally available adsorbents as MCs/MNCs provides an excellent property makes them to be well recovered by magnetic separation technology after adsorption or regeneration, which sweeps over the disadvantage of separation (Solis et al., 2012) . By impregnation with a magnet, the adsorbents could be easily told apart from solutions under an external magnetic field (Yang et al., 2009; Pham et al., 2011; Slunjski, 2000) . Investigation of other factors such as pH, activators & depressants, adsorbent & adsorbate concentrations, temperature, agitation, etc. are desirable in understanding the adsorption of dyes on magnetic composites (Salleh et al., 2011) . Fig. 3 explains the overview of adsorption processes using MCs/MNCs.
Preparation techniques involved in synthesis of MCs/MNCs
Several preparation methods were described for synthesis of magnetic nanoparticles which includes co-precipitation (Wua et al., 2011; Drbohlavova et al., 2009; Zhao et al., 2008) , thermal decomposition (Daengsakul et al., 2009) , solvothermal (Li et al., 2013a) , microemulsion (Drmota, 2012) , sonochemical (Wu et al., 2007) , chemical vapor deposition (Morales et al., 2013) , microwave assisted (Safarik et al., 2013) , polyol process (Karipoth et al., 2013) , hydrothermal (Nejati et al., 2012) , photolysis (Nkosi et al., 2012) , Sol-Gel (Xu et al., 2007) , electrochemical (Starowicz et al., 2011) , electrodeposition (Banerjee et al., 2000) , laser pyrolysis methods (Sabino et al., 2004) have been reported for synthesis of MNCs. Particle size distribution, particle size control, crystallinity and crystal structure, shape control, alignment (Rao, 2007; Hyeon, 2003) are the key issues in synthesizing MNCs. These methods assist in preparing magnetic composites, which are stable at ambient temperature, uniform size, regular shape, high level of monodispersity, non-aggregate, etc. Fig. 4 presents the classification of magnetic composites synthesizing techniques.
Magnetic behavior of magnetized particles
External magnetic field applied to materials determines the property of magnetic particles. Descriptions of orientations of the magnetic moments in a material aid to identify different forms of magnetism observed in nature. Five basic types of magnetism can be described: diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism and ferrimagnetism (Akbarzadeh et al., 2012) . Diamagnetism is a central attribute of all atoms (atoms), and the magnetization is very small and opposed to the applied magnetic field direction. Many materials exhibit paramagnetism, where a magnetization develops parallel to the applied magnetic field as the orbit is increased from zero, however, the effectiveness of the magnetization is small. Ferromagnetism is the belongings of those stuffs which are inherently magnetically ordered and which develop spontaneous magnetization without the need to utilize a field. A disparity on ferromagnetism is ferrimagnetism, where different atoms possess different moment strengths, but at that state is still an ordered state below a certain critical temperature. The magnetic material can be sorted based on their susceptibility, i.e., diamagnet ( < 0), paramagnet ( > 0), ferromagnet ( 0). It has been proven that many of the unique magnetic properties of nanoparticles can be ascribed to their high surface-to-volume ratio (Frey et al., 2009; Singamaneni et al., 2011) . Saturation magnetism (Ms) varies with size until it passes a threshold size beyond which magnetization is constant and is close to the bulk value. The linear dependence of Ms on size below this threshold has been shown in various subject areas. Research on the effect of shape influence the property of MCs and MNCs in volume or related size parameter. The anisotropy value (Magnetic anisotropy is the directional dependence of a material's magnetic properties) for spherical nanoparticles is higher than cubic nanoparticles of the same volume (Noh et al., 2012; Song and Zhang, 2004; Salgueiro et al., 2013; Ardisson et al., 2008) . Composition is the most commonly cited parameter responsible for determining the specific magnetic properties of a material. These magnetic properties arise in the presence or absence of unpaired valence electrons located on the metal atoms or metal ions found in MNPs (Zhen et al., 2011; Williams et al., 1982) . The orientation of the magnetic moment, , associated with the electrons defines the magnetic behavior. Using the magnetic moment of a single electron, 1.73 Bohr magnetons (BM), we can calculate the magnetic moment in MCs and MNCs (West, 1999; Kolkhatkar et al., 2013) .
Characteristic features of magnetized particles
Magnetic adsorbents have been prepared extensively using metal oxide as a backing material for natural and synthetic adsorbents. Adsorbent/catalyst like magnetic metal oxide composite and magnetic metal oxide supported adsorbents possesses high adsorption capacity and catalytic activity toward organic and inorganic waste water coming out from coal and steel industries, textile and dyeing industries etc. The magnetic modified adsorbents can be generally classified according to difference of the support of magnetic particles such as magnetic particle modified carbon adsorbent, magnetic particles modified clay mineral adsorbent, magnetic particle modified biopolymer adsorbent, etc. (Jiuhui, 2008) .
Magnetic metal oxide composite adsorbent (powder CuFe 2 O 4 and MnO-Fe 2 O 3 ) was first prepared by a simple co-precipitation method from environmental friendly and low cost materials by Wu et al. (2004 Wu et al. ( , 2005 . This nanocomposites have a relatively high surface area, a smaller particle size, and porous structure. In particular, the excellent magnetic property of the powder makes them to be easily recovered by magnetic separation technology after adsorption or regeneration, which overcomes the disadvantage of separation difficulty of common powdered adsorbents. Wu also studied the adsorption performance of the magnetic composites using azo dye, namely, Acid red-B (ARB) as a model compound. The results demonstrated that both the CuFe 2 O 4 and MnO-Fe 2 O 3 adsorbents had high adsorption rate and the maximal adsorption capacities for ARB are 86.8 and 105.3 mg/g, respectively.
The presence of ferrofluids in the magnetically modified adsorbents can be investigated with an electron spin resonance (ESR) spectrophotometer. Microscopic observation facilitates in characterizing magnetic modified adsorbents. The application of an outside magnetic field may bring forth an inner magnetic field in the sample which will add to or deduct from the external field (Kara and Demirbel, 2012; Yavuz et al., 2006) . The local magnetic field generated by the electron magnetic moment will add vectorially to the external magnetic field (H ext ) to present an effective field (H eff ) (Eq. (1)). Yavuz et al. (2006) developed a magnetically modified yeast cells for the absorption of mercury. The relative intensity magnetic modified yeast cell is found to be 100. This value indicates that the yeast cell structure has a local magnetic field because of ferrofluid in its construction. The g factor can be considered as quantity characteristic of the molecules in which the unpaired electrons are turned up, and it is calculated from Eq. (2). The mensuration of the g factor of an unknown signal can be a valuable help in the identification of a signal. In the literature the g factor for Fe 3+ is determined between 1.4-3.1 for low spin and 2.0-9.7 for high spin complexes (Swartz, 1997) . The g factor was found to be 3.8 for magnetically modified yeast cell structure.
where h is the Planck constant (6.626 × 10 −27 erg/s); ˇ is Universal constant (9.274 × 10 −21 Erg/G); is frequency (9.707 × 10 9 Hz) and H r a resonance of magnetic field (G). These values will be an important design parameter for a magnetically stabilized fluidized bed or for magnetic filtration. The value of this magnetic field is a part of the flow velocity, particle size and magnetic susceptibility of solids to be removed (Swartz, 1997; Akgol and Denizli, 2004) . 
Magnetic Composites (MCs) as dye adsorbent
MCs have been widely used with adsorption process in environmental purification. The main advantage of MCs is that a mass of wastewater can be disposed in a very short period of time and produce no contaminants. Most commercially available magnetic particles are rather expensive and cannot be applied to largescale processes (Safarik et al., 2012) . Magnetic modification of low cost adsorbents could lead to materials suitable for biotechnology and environmental applications (Safarik and Safarikova, 2010) . The magnetic separation provides a desirable path for online separation, where particles with affinity to target species are merged with the heterogeneous solution. Upon merging with the solution, the particles tag the target species. The external magnetic field is then applied to separate the tagged particles from the solution. Table 1 reveals the maximum adsorption capacity of magnetic composites at optimum pH and temperature and models fit toward a range of dyes. Safarik et al. (2012) used magnetically modified spent coffee grounds (discharged from food industries) for adsorption of few dyes crystal violet, malachite green, amido black 10B, congo red, bismarck brown Y, acridine orange and safranin O. The maximum adsorption capacity reached 73.4 mg/g of dried magnetically modified coffee grounds for acridine orange. The existence of iron along the magnetic modified coffee grounds was detected using adapted Perl's staining procedure. The outcomes of the batch experiment visibly exhibit that the spent coffee grounds can be effortlessly altered into a magnetic form by magnetic fluid treatment for potential removal of selected dyes. Safarik and Safarikova (2010) applied ferrofluid modified peanut husks (FMMPH) for the sequestration of water soluble organic dyes from aqueous solution. FMMPH was used as an absorbent to study the binding of several water soluble dyes (acridine orange, bismarck brown, crystal violet and safranin-O). Maximum adsorption was achieved up to 95.3 mg/g, 86.1 mg/g, 80.9 mg/g and 71.4 mg/g for bismarck brown, safranin-O, crystal violet and acridine orange respectively. The langmuir isotherm fits well with equilibrium adsorption data. Therefore, this low cost adsorbent could be potentially used for removal of dyes. Yan et al. (2013) prepared biodegradable magnetic adsorbent using glutamic acid modified chitosan by a one-step method.
The construction of the glutamic acid modified chitosan magnetic composite microspheres (CS-Glu-MCMs) was characterized by Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), vibrating-sample magnetometer (VSM), scanning electron microscope (SEM), and equilibrium swelling experiment. CS-Glu-MCM was used as adsorbent for elimination of cationic dyes, methylene blue (MB), crystal violet (CV) and light yellow 7GL (7GL), from aqueous solution and the adsorption capacity was found to be 180 mg/g for MB, 375.4 mg/g for CV and 217.3 mg/g for 7GL. CS-Glu-MCM shows the highest dye uptake rate on comparing with chitosan magnetic composite microspheres (CS-MCMs) without modification. This may be due to the size of the magnetic atom. The diameter of CSGlu-MCM (∼90 m) is lesser than that of CS-MCM (∼120 m), exhibiting a larger surface area for CS-Glu-MCM and therefore an improved adsorption performance was achieved. Further, carboxyl groups on glutamic acid in CS-Glu-MCM play a major chore in the adsorption of dyes. The adsorption of dyes by both CS-MCM and CS-Glu-MCM ensures the homogeneous monolayer chemisorption mechanism. Desorption was performed at room temperature. The dyes loaded magnetic adsorbents were recovered using 0.1 mol dm 3 HCl aqueous solutions and consequently activated for regeneration using 0.1 mol dm 3 NaOH aqueous solution to pH 8.0. Safarikova et al. (2005) synthesized magnetically modified Brewer's yeast cells (Saccharomyces cerevisiae) using water based magnetic fluid for adsorption of various water soluble dyes. The adsorption capacity was found to be 228.0 mg/g, 93.1 mg/g, 46.6 mg/g, 41.7 mg/g, 11.6 mg/g for aniline blue, congo red, safranine-O, crystal violet, naphthol blue respectively. The quantity of the heat treatment during the preparation process was set up to cause a minor influence on the adsorption capacity. The experiment fits well with Freundlich isotherm describing a heterogenous adsorption. The maximum adsorption was achieved for aniline blue, could be induced by the bearing of two aromatic rings with sulfonic group. Atia et al. (2009) synthesized monoamine modified magnetic silica (MAMMS) using precipitation method and compared the adsorption efficiency of MAMMS and MAMPS (magnetic free silica). The particles were immobilized with 3-aminopropyltriethoxysilane and characterized by FTIR and X-ray diffraction (XRD). The Gibbs free energy ( G • ) indicates the spontaneity of adsorption was found to be −26.52 and −28.49 kJ/mol at 25 • C for MAMPS and MAMMS, respectively. The adsorption depending on pH was brought away to advance via the electrostatic attraction between the positively charged protonated amino groups on the silica surface ( NH 3+ ) and the negatively charged sulfonate groups (SO 3− ) of the dyestuff. The higher adsorption capacity was recognized for MAMMS in spite MAMPS possesses a higher surface area and pore volume. This may be ascribable to the formation of thin films of silica on magnetite fine particles that facilitates the interaction between dye with the active sites of silica and inaccessibility of the dye ions for intraparticle diffusion in MAMPS. Desorption was performed using an aqueous solution of 10pH and 98% recovery was achieved after three adsorption/desorption cycles.
Epichlorohydrin magnetic alginate beads (EpiMAB) were made using extrusion technique and crosslinked with epichlorohydrin by Rocher et al. (2010) . EpiMAB served as biosorbent for the removal of the dyes methyl orange (MO) and methylene blue (MB). The Langmuir equation fits well the adsorption data with maximum adsorption capacities of 0.02 mmol/g for MO and 0.7 mmol/g for MB. The issue of pH of the solution on adsorption is also tested and found effective at 7.5 and <7 for MB and MO respectively. Zhu et al. (2012) prepared a novel magnetic chitosan/poly (vinyl alcohol) hydrogel beads (m-CS/PVA HBs) by an instantaneous gelation method and characterized by XRD, VSM and TGA. The adsorption capacity of congo red on m-CS/PVA HBs was found to be 470.1 mg/g. Positive value of enthalpy change ( H • ) (13.32 kJ/mol) indicates that the adsorption was endothermic and physical in nature. The values of Gibbs free energy change ( G • ) were found to be 3.321 kJ/mol at 25 • C for m-CS/PVA HBs, indicating the spontaneity of congo red adsorption.
Magnetic graphene oxide (mGO) has been tested for adsorption on Reactive Black 5 (RB5) by Kyzas et al. (2013) . The synthesis of mGO was achieved in both impregnation (mGOi nanoparticles) and co-precipitation method (mGOp nanoparticles). Characterization with various techniques (SEM, FTIR, XRD and VSM) reveals many possible interactions/forces of dye-composite system. The adsorption evaluation of the magnetic nanoparticles obtained higher adsorption capacity of mGOp derivative (188 mg/g) and lower of mGOi (164 mg/g). Wu et al. (2006) produced organosilane-functionalized Fe 3 O 4 composite particles by reacting organosilane precursor, bis [(3-trimethoxysilyl) propyl]-ethylenediamine (TSPED) on Fe 3 O 4 magnetic particles. The adsorption and desorption properties of the composites were tested against brilliant blue FCF (BBF) and the experimental results confirm equilibrium time for adsorption and desorption was achieved within 15 min. The composites present a floccule form and therefore sequestration from the solution with a magnet is effortless. The equilibrium adsorption amount is found to increase with increasing initial dye concentration and diminished with the increasing ionic strength. Hydrogen bonding, electrostatic and hydrophobic attractions are found to be the driving forces for the adsorption of BBF. In addition, anion exchange exhibits a substantial role during adsorption. NaOH solution appears to be a more efficient desorption medium than NaCl solution.
Magnetic cellulose/Fe 3 O 4 /activated carbon composites (mCell/Fe 3 O 4 /ACCs) were successfully synthesized and used for adsorption of congo red by Zhu et al. (2011) . Characterizations of m-Cell/Fe 3 O 4 /ACCs were carried out using XRD, BET, TGA, SEM and VSM. The initial dye concentration, contact time, temperature, adsorbent dosage and pH played a major role in the dye adsorption on m-Cell/Fe 3 O 4 /ACCs. The maximum adsorption capacity of CR on m-Cell/Fe 3 O 4 /ACCs was found to be 66.09 mg/g. The pseudo-second-order model fitted well with experimental data and Langmuir isotherm equation could better describe the adsorption.
Negative values of free energy change indicated that adsorption was spontaneous. Zhu et al. (2010) created novel magnetically separable adsorbent magnetic ␥-Fe 2 O 3 crosslinked chitosan composites (M␥-Fe 2 O 3 /CSCs) by miroemulsion process and characterized by XRD, FTIR, TGA, DSC, SEM and VSM (Vibrating Sample Magnetometer). M␥-Fe 2 O 3 /CSCs was tested for adsorption of methyl orange (MO) from aqueous solution. Adsorption results showed that both adsorbents with a weight ratio of ␥-Fe 2 O 3 to chitosan of 1:10 and 2:5 exhibited higher adsorption capacities and attained adsorption equilibrium in a shorter time compared with crosslinked chitosan. The intraparticle diffusion was found to be the rate-controlling step for adsorption using crosslinked chitosan. Boundary layer diffusion found to act as a substantial role in adsorption using M␥-Fe 2 O 3 /CSCs. After adsorption, M␥-Fe 2 O 3 /CSCs were effectively separated from the reaction solution in 10 seconds by applying an adscititious magnetic field.
A magnetic porous carbonaceous polymeric material, covalent triazine-based framework (CTF), CTF/Fe 2 O 3 composite has been synthesized by Wang Zhang in 2011 using facile microwaveenhanced high-temperature iono-thermal method. The resulting samples were characterized by the XRD, XPS, SEM, TEM, VSM and N 2 sorption-desorption isotherms. The CTF/Fe 2 O 3 composites were applied to get rid of organic dye from aqueous solution by selecting methyl orange and both high adsorption capacity (291 mg/g) and fast adsorption kinetics (k ads = 4.31 m 2 /mg/min) were observed (Zhang and Kong, 2011) . Rongcheng et al. (2005) employed magnetic powdered MnO-Fe 2 O 3 composites for the removal of an azo-dye, acid red B (ARB) from water. The adsorption and regeneration of adsorbents containing ARB by catalytic combustion were studied. These powder adsorbents showed excellent adsorption toward ARB under acidic conditions, adsorption rate was observed and could be well described by the pseudo-second order kinetic model. The adsorption capacity increased with increasing Fe content and surface area of the adsorbent, and the highest adsorption capacity of 105.3 mg/g was obtained at pH 3.5. The presence of Cl − does not affect adsorption, but was significantly impressed by SO 2− 4 . Xiao et al. (2013) synthesized magnetic porous carbons (MPCs) from an iron-based metal-organic framework (MOF) by a novel microwave-enhanced high temperature iono-thermal method. Structure, morphology and magnetic property, as well as porosity of the MPCs were studied by powder XRD, X-ray photoelectron spectroscopy (XPS), Brunauer-Emmett-Teller (BET) surface area method, TGA, VSM, SEM, and high resolution TEM. Their adsorption properties were preliminarily tested by the adsorptive removal of MB dye from aqueous solution. The products exhibit high surface areas (up to 800 m 2 /g) with different magnetic separation performance (MS = 4.12-19.54 emu/g), and possess high adsorption capacity toward methylene blue (303.95 mg/g). MPCs also found to be recoverable and recyclable, super-adsorbents for removal and recovery of pollutants. Table 2 provides the information about the adsorption capacity of MCs toward a range of dye. Ai et al. (2011) developed a novel adsorbent montmorillonite/ CoFe 2 O 4 composite with the magnetic separation potential in a facile, one-step low-temperature refluxing route. The structure, morphology and magnetic properties of the synthesized composite were characterized by XRD, SEM and VSM. Adsorption characteristics of the composite were examined by using methylene blue (MB) as an adsorbate. The outcomes indicated that the adsorption isotherm data were fitted well to the Langmuir isotherm and followed the pseudo-second-order kinetic model. Adsorption mechanism was found to be pH dependent. Most silanol and aluminol groups on edges are protonated at pH <4. Hence, adsorption capacity found lower at lower pH, and increases with increasing pH. 
Magnetic Nanocomposites (MNCs) as dye adsorbent
The emergence of tailored nanoparticles with magnetic properties and high adsorption competence for an extended mixture of compounds, offer a novel tool to deal with waste water purification (Qu et al., 2013) . The functionalized magnetic nanoparticles have recently been examined as a promising platform for detection and separation application (Jung et al., 2011) . Table 3 furnishes the information about the use of the MNCs for adsorption of toxic dye pollutant with its competence toward toxic dyes. Zhou et al. (2011) investigated ethylenediamine-modified magnetic chitosan nanoparticles (EMCN) for adsorption of acid orange 7 (AO7) and acid orange 10 (AO10) from aqueous solution. The adsorption experiments indicated that the maximum adsorption capacity occurred at pH 4.0 for AO7 and pH 3.0 for AO10, respectively. Equilibrium experiments fitted well with the Langmuir isotherm model, and the maximum adsorption capacity of the EMCN at 298 K was determined to be 3.47 mmol/g for AO7 and 2.25 mmol/g for AO10, respectively. The mechanisms of the adsorption process of the acid dyes on the EMCN are expected to be the ionic interactions of the colored dye ions with the amino groups of the EMCN. Desorption of dyes from EMCN were carried out using NH 4 OH/NH 4 Cl solution at pH 10. The % recovery of desorption found to be 81.1% and 87.8% for AO7 and AO10 respectively.
Zhang and Kong (2011) synthesized magnetic Fe 3 O 4 /C core-shell nanoparticles by a simple strategy and used as adsorbent for removal of organic dyes from aqueous solution. The resulting products are characterized by SEM, energy dispersive X-ray spectrometry (EDX), XPS, XRD, and FTIR. Adsorption performances of the Super paramagnetic Fe 3 O 4 /C nanoparticles with average size 250 nm was tested with removal of methylene blue (MB) and cresol red (CR) from aqueous solution. The adsorption capacities for MB and CR in the concentration range studied are 44.38 mg/g and 11.22 mg/g respectively. The higher adsorption capacity for MB was recognized to those functional groups (such as OH, CO) on the composite surface and the negative potential of the magnetic nanocomposites that provide weak electrostatic interaction between the cationic dye and the nanomaterials. Magnetite nanoparticles coated with an anionic biopolymer poly (c-glutamic acid) (PGA-MNPs) were synthesized by Inbaraj (2011) . Both bare and dye-loaded PGA-MNPs were characterized by FTIR, TEM and VSM measurements. Redlich-Peterson and Langmuir models precisely described the isotherm and the maximum adsorption capacity was 78.67 mg/g. A pseudo-second-order equation best predicted the kinetics with a maximum adsorption attained within 5 min. Desorption was performed by turning down the pH of deionized water from 5 to 1, the percentage of dye recovery rose from 17.6 to 100 with 91.0% recovery.
Magnetic nanoparticles with iron oxides and N-benzyl-Ocarboxymethylchitosan, an amphiphilic chitosan derivative, were prepared through the incorporation method by Debrassi et al. (2012a) . The characterization of MNCs was performed by FTIR, TGA, TEM, Mossbauer spectroscopy, and magnetization measurements. The material was used to adsorb three cationic dyes [MB, CV, and malachite green (MG)] from aqueous solution. The Langmuir-Freundlich equation was the best isotherm model, and the maximum adsorption capacities were 223.58, 248.42, and 144.79 mg/g for MB, CV, and MG, respectively. Desorption experiments were performed with HCl solution in order to reuse the adsorbent. The dye adsorption capacity found to be decreased slowly with increasing the number of cycles. Singh et al. (2011) developed and characterized a novel magnetic carbon-iron oxide nanocomposite (MCIONC) for adsorption of crystal violet (CV) dye from water. A four-factor central composite design (CCD) combined with response surface modeling (RSM) was used for maximizing CV removal from aqueous solution by the MNCs based on 30 different experimental data obtained in a batch study. The Langmuir adsorption capacity of the adsorbent was determined as 81.70 mg/g. The model predicted maximum adsorption of 113.31 mg/g under the optimum conditions of variables (dye concentration 240 mg/l; temperature 50 • C; pH 8.50; dose 1 g/l), which was very close to the experimental value (111.80 mg/g) determined in batch experiment.
Fei Ge modified magnetic nanoparticles (MNPs) with 3-aminopropyltriethoxysilane and copolymers of acrylic acid and crotonic acid for removal of cationic dyes crystal violet (CV), methylene blue (MB) and alkali blue 6B (AB 6B) from water solution. Characterization was performed using TEM, XRD, infrared spectra (2014) (IRS) and TGA. The cationic dyes were quickly withdrawn from water solution with high efficiency at pH 5-12. The adsorption capacity of MNPs was found to be 208.3 mg/g, 128.7 mg/g and 22 mg/g for CV, MB, and AB 6B respectively. Desorption was performed with methanol and acetic acid and adsorption capacity of adsorbent after 4 adsorption/desorption cycle was found to be 90% (Ge et al., 2012) . Konicki et al. (2013) synthesized magnetic ZnFe 2 O 4 (MNZnFe) by microwave assisted hydrothermal method for the removal of acid dye Acid Red 88 (AR88) from aqueous solution. The effects of various parameters such as initial AR88 concentration (10-56 mg/L) pH solution (3.2-10.7), and temperature (20-60 • C) were investigated. Prepared magnetic ZnFe 2 O 4 was characterized by XRD, SEM, TEM, AES, BET, FTIR, and measurements of the magnetic susceptibility. Thermodynamic parameters, G • , H • and S • indicate that the adsorption of AR88 onto MNZnFe was spontaneous and exothermic in nature. Desorption efficiency of AR88 from MNZnFe in acetone and methanol was found to be 63% and 81%, respectively.
Soluble starch-functionalized magnetic multiwall carbon nanotube composites (MWCNT-starch) were prepared by synthesizing iron oxide nanoparticles at the surface of MWCNT-starch to improve the hydrophilicity and biocompatibility of MWCNTs . Characterization studies were performed by FTIR, UV-vis spectroscopy, XRD, TEM and TG showed that the starch component (about 14.3 wt%) was covalently grafted onto the surface of MWCNT. MWCNT-starch-iron oxide exhibits superparamagnetic properties with a saturation magnetization (23.15 emu/g) and better adsorption for anionic methyl orange (MO) and cationic methylene blue (MB) dyes than MWCNT-iron oxide.
The adsorption of methylene blue (MB) from an aqueous solution by Polyacrylic acid-bound iron oxide magnetic nanoparticles was studied by Sou-Yee Mak. In the aqueous solution of MB at 25 • C, the adsorption data fit with the Langmuir equation with a maximum adsorption amount of 0.199 mg/mg and a Langmuir adsorption equilibrium constant of 10.1 mL/mg. The adsorption capacity increased with increase in solution pH (2-10) and the adsorption process was endothermic in nature with an enthalpy change ( H) of 30.9 kJ/mol between 10 and 40 • C (Mak and Chen, 2004) . Table 4 affords the adsorption capability of various MNCs toward MB dye. Yao et al. (2012) described the synthesis of magnetic Fe 3 O 4 @graphene composite (FGC) and its use in dye removal of MB and CR from aqueous media. The structure, surface, and magnetic characteristics were investigated by SEM, TEM, ED, X-ray spectrometer, XRD, FTIR, and TGA. Through a chemical deposition method, Fe 3 O 4 nanoparticles in a size of 30 mm were homogeneously dispersed onto graphene sheets. The maximum adsorption capacities of MB and CR on FGC were found to be 45.27 and 33.66 mg/g, respectively.
Magnetic ferrite nanoparticle (nickel-zinc ferrite) (MFN)-alginate composite was synthesized and characterized by Mahmoodi (2013) . The dye removal ability of MFN-alginate from single and binary systems was studied. The characteristics of MFN-alginate were studied using XRD, SEM and FTIR. Basic Blue 9 (BB9), Basic Blue 41 (BB41) and Basic Red 18 (BR18) were used as model dyes. The maximum dye adsorption capacity (Q 0 ) of MFN-alginate was 106 mg/g, 25 mg/g, and 56 mg/g for BB9, BB41 and BR18, respectively. Deng et al. (2013) used magnetic graphene oxide (MGO) as an adsorbent for simultaneous removal of Cd (II) and ionic dyes, including methylene blue (MB) and orange G (OG). MGO adsorbent was characterized by TEM, SEM, XRD and XPS. In mono-component system, the maximum sorption capacities in ultrapure water for Cd (II), MB and OG were 91.29 mg/g, 64.23 mg/g and 20.85 mg/g, respectively. The sorption capacity suppressed for Cd (II) with increasing MB concentration and almost was not affected for MB by increasing Cd (II) concentration in Cd (II)-MB binary system. In tap water samples, the sorption capacity for Cd(II) was 65.39% of that in ultrapure water. Wu et al. (2011) synthesized superparamagnetic Fe 3 O 4 nanoparticles on the rectorite (REC) to develop an adsorbent (REC-Fe 3 O 4 ) which was explored to adsorb three dyes, namely methylene blue (MB), neutral red (NR) and methyl orange (MO). Characterization of REC-Fe 3 O 4 by FTIR, TEM and XRD showed that REC was attached with clusters of Fe 3 O 4 nanoparticles. Magnetic properties revealed that REC-Fe 3 O 4 was superparamagnetic with a saturation magnetization (19.14 emu/g). The adsorption behavior of the REC and REC-Fe 3 O 4 illustrated that it exhibited good adsorption for MB and NR, while the adsorption of MO was very little.
-Carrageenan coated magnetic iron oxide nanoparticles (NPs) were produced by Salgueiro et al. (2013) and tested for the magnetically assisted removal of methylene blue (MB) from aqueous solutions. The resulting composite NPs were superparamagnetic and contained ca. 12 wt% carrageenan. The MB uptake ability was found to deviate with the pH solution and was larger in alkaline conditions. Both pseudo-first-order and pseudo-second-order equations predicted well the dynamics with the maximum adsorption achieved very fast, within 5 min. The MB adsorption has shown an unusual Z-type isotherm, which proposes the generation of new adsorbing sites with increasing MB initial concentration. Xu et al. (2013) developed biodegradable hollow zein nanoparticles (HZN) with diameters less than 100 nm to remove reactive dyes from simulated post-dyeing wastewater with remarkably high efficiency. HZN showed higher adsorption for Reactive Blue 19 than solid structures, and the adsorbed amount increased as the temperature decreased, pH decreased or initial dye concentration increased. At pH 6.5 and pH 9.0, increasing electrolyte concentration could improve dye adsorption significantly. Under the simulated post-dyeing condition with 50.0 g/L salts and pH 9.0, maximum adsorption of 1016.0 mg dye per gram zein nanoparticles could be obtained.
Magnetic nanoparticles (MNPs) were developed and modified with 3-glycidoxypropyltrimethoxysilane (GPTMS) and glycine (Gly) by Zhang et al. (2013) . The characterization was performed by TEM, XRD, IR and TGA. The MNPs were employed for the removal of both anionic and cationic dyes in highly acidic and strong alkaline environment. The experimental data fit well with pseudo second order kinetics and adsorption behavior is reliable to Langmuir isotherm. Reusability of adsorbents was effectively done using ethanol and HCl or NaOH. Zhang et al. (2014) developed a glycidoxypropyltrimethoxysilane (GPTMS) and Lysine (Lys) modified MNPs for sequestration of anionic and cationic dyes. MNPs was characterized by TEM, XRD, IR and TGA. The presence of the more amine group not only improves the maximum adsorption capacities for anionic dyes, but also efficiently removes cationic dyes. The experimental data follow pseudo second order kinetics and adsorption behavior is consistent with Langmuir isotherm. Desorption was performed with ethanol and HCl or NaOH. Li et al. (2013b) produced aminoguanidine (AG) modified MNPs and characterized by TEM, XRD, VSM and IR. The nanocomposite is tested for adsorption of different acid dyes and maximum adsorption was achieved at pH 1.3-2.5. Adsorption kinetics are described by pseudo second order model and adsorption behavior fit well with Langmuir isotherm. Further, the Dubinin-Radushkevich (D-R) isotherm model describes the participation of chemical adsorption. Since maximum adsorption occurred at pH not beyond 4, desorption was excellently carried out using NH 4 OH/NH 4 Cl at pH 10. Adsorption capacity of nanocomposites remains excellent after three cycles of reusability. Xia et al. (2013) Magnetic bioadsorbent was synthesized with magnetic chitosan and graphene oxide and employed for the removal of methylene blue dye from aqueous solution by Fan et al. (2012) . The composite material was characterized by SEM, FTIR and XRD measurements. The nano composite was tested against MB dye. High surface area of nanocomposite enhanced adsorption active sites as it offered a beneficial state for drawing in additional target substances around the sites and equally improved the absorption rate and adsorption capacities. The experimental data pursue pseudo second order kinetic and Langmuir isotherm. Maximum adsorption of 179.6 mg/g for initial concentration of 10 mg/L was achieved at pH 10.
Graphene-Fe 3 O 4 nanocomposite was synthesized by solvothermal method and analyzed for the adsorption of organic dye pararosaniline (Wu et al., 2013) . The dye adsorption rate increased with increasing pH from 3 to 5 and found no considerable change over 5 pH. The pseudo second order model and Langmuir isotherm precisely describe the experimental adsorption data. The Langmuir adsorption capacity for the maximum removal of pararosaniline found to be 198.23 mg/g. Desorption ratio was 92% and the nanocomposites were regenerated using ethanol at pH 3.
Chitosan supported carbon nanotube (CS/CNT) was synthesized through "surface deposition-crosslinking" method and implanted with MNP by Wang et al. (2014) . The nanocomposite examined for sequestration of anionic azo dye Acid red 18 (AR 18). The maximum adsorption capacity of 809.9 mg/g was reached at 50 • C. The reusability and desorption of nanocomposite found to be consistent for ten successive cycles. Xia et al. (2013) constructed a ethylenediaminetetraacetic dianhydride (EDTAD)-modified magnetic Chitosan (EMC) complex using glutaraldehyde as a cross-linking agent and exemplified using SEM, XRD, potentiometric titration, and FTIR. The nano composite was tested for adsorption of MB dye and the maximum adsorption capacity of 113.26 mg/g was reached at optimum condition. The adsorption process was well described by Sips isotherm and pseudo second order model. The efficiency ratio of regeneration of nanocomposite and recovery of MB was deliberated to be 82.82% and 80.72%, respectively.
Advantages of MNCs over MCs
Nanotechnology is currently engaged in an extended range of fields, including environmental and water treatment technology (Mak and Chen, 2004) . The application of metal oxides Fe 2 O 3 , Fe 3 O 4 , TiO 2 and Al 2 O 3 as an adsorbent in singular or composite form become the first generation of nanoscale environmental cleanup technology (Xiao et al., 2013; Yao et al., 2012) . Comparing to conventional natural or synthetic adsorbents at macro size, the MNCs possesses a very good compensation because of its reduced size, promising greater surface area and its high specific surface reactivity. In addition, the MNCs can be tailored to specific adsorbent sequestration by modifying the functional group of the adsorbent or by changing the ionic strength of the solution or by altering the active sites of the MNCs Zhang and Kong, 2011; Inbaraj, 2011; Debrassi et al., 2012a; Konicki et al., 2013) . The recovery and regeneration of the adsorbent become ease and reusability of nanocomposites for the successive cycles, shows an excellent efficiency after 3-10 adsorption-desorption cycles (Wu et al., 2013; Wang et al., 2014; Xia et al., 2013) . The temperature needed for regeneration of MNCs is very low, the energy eaten up for regeneration is >50% of other technologies, low operating pressure, low pressure drop, the performance has no restriction by orientation and resistance to vibration, i.e., high flexibility and durability, compact size, possesses rapid adsorption kinetics, do not generate contamination, can be completely saturated and completely recovered without any damage (Singh et al., 2011; Mak and Chen, 2004; Yao et al., 2012; Mahmoodi, 2013; Deng et al., 2013; Xu et al., 2013; Wu et al., 2013; Xia et al., 2013) . The high surface area to volume ratios results in MNCs to have higher adsorption capacities relative to macroscopic adsorbents, MCs. The high surface area produces rapid adsorption kinetics and thus relatively short contact time. Furthermore, these nanocomposites are magnetic, as they can be well separated from aqueous streams using an external magnetic field. On the whole, the unique attributes of magnetic nanocomposites and their overlap with current treatment technologies becoming a revolutionizing tool for wastewater treatments.
Adsorption reaction model
Concerning adsorption, the adsorption reaction model determines the adsorption performance and mechanism, i.e., the equilibrium time required for the uptake of dyes from a liquid solution, the time required for completion of adsorption reaction which determines the solute uptake rate (Qiu et al., 2009; Shankar et al., 2012) . Various kinetic models have been proposed for an adsorption process, in which pseudo-first order kinetics and pseudo second order kinetics are primarily discussed.
11.1. Pseudo-first-order rate equation
Lagergren (1898) introduced a first-order rate equation to describe the kinetic process of liquid-solid phase adsorption of oxalic acid and malonic acid onto charcoal, which is considered to be the earliest model pertaining to the adsorption rate based on the adsorption capacity. It can be constructed as follows:
where q e and q t (mg/g) are the adsorption capacities at equilibrium and time t (min), respectively. k p1 (min −1 ) is the pseudo-first-order rate constant for the kinetic model. Integrating above equation with the boundary conditions of q t = 0 at t = 0 and q t = q t at t = t, yields (Ho, 2004) .
which can be rearranged to:
To distinguish kinetic equations based on the adsorption capacity from solution concentration, Lagergren's first order rate equation has been called pseudo first order. In recent years, it has been widely used to describe the adsorption of pollutants from wastewater in different fields, such as the adsorption of dyes from aqueous solution by natural and synthetic adsorbents (Qiu et al., 2009; Lagergren, 1898; Crini, 2005) .
Pseudo-second-order rate equation
In 1998, Ho described a kinetic process of the adsorption of divalent metal ions onto peat, in which the chemical bonding among divalent metal ions and polar functional groups on peat, such as aldehydes, ketones, acids, and phenolics are responsible for the cation-exchange capacity of the peat. The principal assumptions are, the adsorption may be second-ordered, and the rate limiting step may be chemical adsorption involving valent forces through sharing or the interchange of electrons between the peat and divalent metal ions. In summation, the adsorption follows the Langmuir equation . It can be presented as a possibility
Integrating the above equation with the boundary conditions of q t = 0 at t = 0 and q t = q t at t = t, yields 1 q e − q t = 1 q e + k p2 t
where k p2 q 2 e (mg/(g min)) means the initial adsorption rate, and the constants can be determined experimentally by plotting of t/q t against t. Similarly, Ho's second-order rate equation has been called pseudo-second-order rate equation to distinguish kinetic equations based on the adsorption capacity for concentration of solution. This equation has been successfully applied to the adsorption of dyes from aqueous solutions (Qiu et al., 2009; Ho, 2006; Cheng et al., 2008) .
Adsorption diffusion models
In general, the liquid-solid adsorption involves diffusion and found that, it predominantly controls the kinetic process of adsorption i.e., one of the processes should be the rate limiting step. Adsorption diffusion models are invariably made on the foundation of three consecutive steps (Qiu et al., 2009; Lazaridis and Asouhidou, 2003) : (1) diffusion across the liquid film surrounding the adsorbent particles, i.e., external diffusion or film diffusion; (2) diffusion in the liquid contained in the pores and/or along the pore walls, which is so-called internal diffusion or intra-particle diffusion; and (3) adsorption and desorption between the adsorbent and active sites, i.e., mass action. However, adsorption reaction models originating from chemical reaction kinetics are based on the whole process of adsorption without considering these steps mentioned above.
Liquid film diffusion model
The film diffusion mass transfer rate equation (Boyd et al., 1947) presented as
where R l (min −1 ) is the liquid film diffusion constant, D l e (cm 2 /min) is effective liquid film diffusion coefficient, r 0 (cm) is radius of adsorbent beads, r 0 (cm) is the thickness of liquid film, and k is the equilibrium constant of adsorption. A plot of should be a straight line with a slope -R l , if the film diffusion is the rate determining step. Then the corrected liquid film diffusion coefficient D l e can be judged according to linear driving force rate law as below (Cooney, 1999) ,
where k f is film mass transfer coefficient, s 0 is the ratio between the particle surface area per unit particle volume, C i and C denote the concentration of solute at the particle/liquid interface and in the bulk of the liquid far from the surface. The film diffusion mass transfer rate equation has been successfully applied to model several liquid/solid adsorption processes .
Intraparticle diffusion model
Weber and Morris (1962) theorized that the rate of intraparticle diffusion varies proportionally with the half power of time and is expressed as:
where q t is adsorbate uptake at time t, (mg/g), K id is the rate constant of intra-particle transport, (mg/g −t1/2 ). The value of intercept, C is related to the boundary layer thickness, i.e., the larger the value of the intercept, the greater is the boundary layer effect (Kannan and Rengasamy, 2005) . According to Weber and Morris, if the rate limiting step is intraparticle diffusion, a plot of solute adsorbed against the square root of the contact time should yield a straight line passing through the origin. Besides, the rate constant for intraparticle diffusion is obtained from the incline of the curve .
Adsorption isotherm
Two important physico-chemical aspects for evaluation of the biosorption process as a unit operation are the kinetics and the equilibria of adsorption (Pandey et al., 2007) . Modeling of the equilibrium data has been performed using the Langmuir, Freundlich and Redlich-Peterson isotherms (Zhu and Alexandratos, 2005) . The Langmuir and Freundlich isotherms are represented as follows (13) and (14), respectively.
ln q e = 1 n (ln C e ) + ln K F ,
where b is the Langmuir isotherm constant, K F is the Freundlich constant, and n is the Freundlich exponent. 1/n is a measure of the surface heterogeneity ranging between 0 and 1, becoming more heterogeneous as its value gets closer to zero. The ratio of Q o gives the theoretical monolayer saturation capacity of adsorbent. The essential characteristic of the Langmuir equation can be expressed in terms of dimension factor, RL, which was defined (Ho and McKay, 1998) as: 
Thermodynamic parameters such as free energy ( G 0 ), enthalpy ( H 0 ) and entropy ( S 0 ) changes in the process can be estimated using the following equations:
where b is Langmuir constant. The plot of ln b versus 1/T for the adsorption process determines the change in free energy and the negative change in free energy ( G 0 < 0) indicated that the adsorption process a thermodynamically favorable.
Perspectives
The adsorption of dyes using MCs and MNCs had been compiled and reviewed in this paper. From the literature, adsorption of dyes using MCs and MNCs is predicted to have enhanced performance. However, the comparison between the two composites is just a guideline. From this reassessment, we would wish to highlight that, low production cost with high adsorption efficiency as well as a multipurpose adsorbent suitable for all forms of pollutants should be chosen, since the choice of the adsorbent is an important event in deciding an appropriate adsorbent to be implemented in large scale. This review discloses that MCs and MNCs used for the dye adsorption involve ease of preparation method and inexpensive chemical reagents. However, economic feasibility should be enhanced by examining the effectiveness of regeneration of magnetic composites, since regeneration studies will determine the reusability of the magnetic composite. The kinetic studies, isotherms and diffusion models were employed widely for fitting kinetic data for understanding the interaction between adsorbate and adsorbent, rate of adsorption and efficiency and feasibility of adsorbent to uptake solute molecules. On the other hand, many new effective softwares are developed to solve complex data and mathematical models which are expected to depict more accurately and helps in understanding the insight of mechanism. Further, the use of scanning electron microscope (SEM), energy dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD) analysis, electron spin resonance (ESR), X-ray photoelectron spectroscopy (XPS), and thermogravimetric analysis (TGA) are extremely recommended for characterization studies.
Conclusion
This review indicates that adsorption using MCs and MNCs is becoming a promising option to replace conventional adsorbents in removing dyes. This review also indicates that these magnetic composites have an equivalent or even more adsorption and regeneration capacity to locally available adsorbents and activated carbon. And wholly the same, difficulty stands high in comparing different adsorbent, since different parameters are taken into consideration in evaluating the overall performance of the adsorbent. However, adsorbents coming out at long last with high adsorption efficiency for the handling of waste water containing dyes will be successfully commercialized as a beneficiary to society.
